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Abstract

In this study we have synthesized and evaluated '*F-JNJ64349311, a tracer with high
affinity for aggregated tau (K; value of 8 nM) and high (> 500x) in vitro selectivity for
tau over B-amyloid, in comparison with the benchmark compound '*F-AV1451 (‘°F-
T807) in mice, rats and a rhesus monkey. Methods: Using autoradiography studies in
vitro binding characteristics were determined on Alzheimer’s disease (AD),
Progressive supranuclear palsy (PSP) and Corticobasal degeneration (CBD) patient
brain tissue slices. Ex vivo biodistribution studies were performed in mice.
Radiometabolites were quantified in brain and plasma of mice and in plasma of a
rhesus monkey using high performance liquid chromatography. Dynamic micro
positron-emission tomography (LPET) studies were performed in rats and in a rhesus
monkey to evaluate tracer pharmacokinetics in brain. Results: Mouse biodistribution
studies showed moderate initial brain uptake and rapid brain wash-out.
Radiometabolite analyses after injection of '*F-JNJ64349311 in mice showed the
presence of a polar radiometabolite in plasma, but not in brain. Semi-quantitative
autoradiography studies on post-mortem tissue sections of human AD brains showed
highly displaceable binding to tau-rich regions. No specific binding was, however,
found on human PSP and CBD brain slices. uPET-scans on Wistar rats revealed
moderate initial brain uptake (standardized uptake value, SUV of ~ 1.5 at 1 min p.i.)
and rapid brain wash-out. Gradual bone uptake was, however, also observed. Blocking
and displacement did not affect brain time-activity curves, suggesting no off-target
specific binding of the tracer in healthy rat brain. A uPET scan on a rhesus monkey
revealed moderate initial brain uptake (SUV of 1.9 at 1 min p.i.) with a rapid wash-out.
In monkey, no bone uptake was detected during the 120-min scan. Conclusion: This
biological evaluation suggests that 'SF-JNJ64349311 is a promising tau PET tracer

candidate, with a favourable pharmacokinetic profile as compared to '*F-AV1451.
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INTRODUCTION

Despite huge efforts over the last few decades, more than 99% of drug candidates
tested against AD, aiming at slowing disease progression and/or symptomatic
improvement, ultimately failed in late stage development clinical trials (1). The
pharmacological mechanism may simply not have been translated to therapeutic
benefit in many cases; however another major problem has been reliance on clinical
diagnosis for subject selection. The availability of fluid and imaging biomarkers such
as cerebrospinal fluid B-amyloid and PET using radioligands for B-amyloid plaques
promises to greatly improve diagnosis, although there continues to be need for
biomarkers predictive of decline. Tau (tubulin associated unit) protein markers gained
increasing interest in the last years due to a close correlation of cerebral tau deposition
with clinical symptoms in AD and other tauopathies (2). Indeed, the extent and
distribution of tau deposition may be more specific to Alzheimer’s dementia and
predictive of decline in subjects at risk for dementia, compared to B-amyloid plaque
density in the brain (3). The design of tau PET ligands, however, has proven to be
challenging, because of the complexity of tau as a PET target. Under pathological
conditions, tau is hyperphosphorylated, self-aggregates into paired helical filaments
(PHF) and eventually forms tangles that also contain other proteins. Since tau exists in
six different isoforms, is subject to various posttranslational modifications, and tangles
can have many ultrastructural conformations, the development of a specific tau PET
tracer able to target tau pathology in AD remains daunting (4). Nonetheless, several
tau-specific PET ligands have been developed in the past decade and they were
recently discussed in a review by Dani et al. (5). Among the first of these identified
was T807, a tracer developed by Siemens and then licensed to Eli Lilly, now known as
8F_.AV1451. This tracer is the most widely studied and the signal in brain has been

demonstrated to follow Braak stages in cross-sectional studies of subjects at risk for
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AD to full blown AD (6). However, it has some off-target binding (7) and exhibits a
problematic kinetic profile, clearing slowly and failing to reach steady state in some
brain regions (8-11). On the other hand, some reports demonstrated that '*F-AV151
may also have some affinity for non-AD tauopathies (12). The aim of the present study
was to develop a tau PET ligand with a superior pharmacokinetic profile as compared
to '"8F-AV1451, but similar or better affinity and selectivity over B-amyloid plaques.
We report here the in vitro and in vivo evaluation of "®F-JNJ64349311 (**F-INJ311) by
autoradiography studies on post-mortem human AD, PSP and CBD brain slices,
biodistribution and radiometabolite studies in mice and UPET studies in rats and a

rhesus monkey, in comparison with *F-AV1451.

MATERIALS AND METHODS

Synthesis and evaluation of the authentic reference compound of JNJ311 (including
precursor) was published in detail elsewhere (13), as well as the medicinal chemistry
resulting in the discovery of this fluorinated compound. The precursor for
radiosynthesis of '®F-AV1451 and the authentic reference material, and the
nonradioactive reference material for AV680 and AV45 were synthesized by Janssen
Research & Development (Janssen Pharmaceutica NV, Beerse, Belgium) following
literature reports (14). All other chemicals and reagents were purchased from
commercial sources and used without further purification. The distribution-coefficient
(LogD74) of JNJ311 was determined by Sirius Analytical Instruments (Forest Row,
U.K.) according to a previously described report (15). Calculated polar surface area
(PSA) was obtained using MarvinSketch (ChemAxon, version 6.1.0). For analysis of
radiolabeled compounds, the high performance liquid chromatography (HPLC) column
eluate, after passing through the ultraviolet detector, was led over a 3-inch Nal(TI)

scintillation detector connected to a single channel analyser (GABI box; Raytest,
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Straubenhardt, Germany). Data were acquired and analysed using a GINA Star data
acquisition system (Raytest). Quantification of radioactivity in samples of
biodistribution and radiometabolite studies was performed according to a previously
reported procedure (14). Quantitative data are expressed as mean =+ standard deviation.
Means were compared using an unpaired two-tailed student t-test. Values were
considered statistically significant for P < 0.05. Post-mortem human AD brain slices
were provided by University Hospitals Leuven (10-pm thick; Neurology Department,
Leuven, Belgium), after approval from the local Institutional Review Board. Post-
mortem human CBD and PSP brain slices were provided by Janssen Research and
Development (10-um thick; Neuroscience Biology Department, Belgium), after
approval from the Use Committee of Janssen Pharmaceutical Companies of Johnson &
Johnson and the local ethical committee. Animals were housed in individually
ventilated cages in a thermo-regulated (~22 °C), humidity-controlled facility under a
12 h - 12 h light-dark cycle, with access to food and water ad libitum. All animal
experiments were conducted according to the Belgian code of practice for the care and

the use of animals, after approval from the university animal ethics committee.

Radiosynthesis

8F-_fluoride (‘*F") was produced and purified according to a previously described
procedure (14). A solution of 0.5 mg of trimethylammonium precursor (mono- or tris-
trifluoroacetate salts) in 0.3 mL DMF was added to the dried '*F/K,CO3/K-222 residue
and the mixture was heated at 120 °C for 10 min. The crude radiolabeling mixture was
diluted with 0.6 mL mobile phase and purified using reverse phase HPLC (RP-HPLC)
on an XBridge Cis column (5 pm, 4.6 mm x 150 mm; Waters) eluted with a mixture of
0.01 M Na,HPO4 pH 9.6 and EtOH (65:35 v/v) at a flow rate of 0.8 mL/min and with

ultraviolet detection at 254 nm. The purified radiotracer solution was diluted with
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saline to obtain an ethanol concentration <10%, suitable for intravenous (i.v.) injection.
The solution was subsequently passed through a 0.22-pm filter (Millex-GV, Millipore,
Billerica, MA, U.S.A.) to obtain a sterile product. Quality control was performed using
RP-HPLC on an XBridge column (Cig, 3.5 um, 3.0 mm x 100 mm; Waters) eluted with
a mixture of 0.01 M Na,HPO4 pH 9.6 and CH3CN (70:30 v/v) at a flow rate of 0.8
mL/min. Ultraviolet detection was performed at 254 nm. '®F-AV1451 was radiolabeled

according to a previously reported procedure (14).

Biodistribution studies

Biodistribution studies were carried out in healthy male Naval Medical Research
Institute (NMRI) mice (body weight: 30-40 g) at 2, 10, 30 and 60 min post injection
(p.i.) (n = 3/time point) according to a previously reported procedure (14). SUVs were
calculated as (counts per minute in body part/weight of the body part in g) / (sum of

counts per minute in all body parts/body weight in g).

Autoradiography studies

Air-dried frozen, 10-um thick post-mortem slices of an AD patient (visual cortex of a
68-y-old female with Braak stage VI), PSP patient (frontal cortex of a 71-y-old female)
and CBD patient (frontal cortex of a 74-y-old female) were incubated for 60 min in a
solution of tracer (740 kBq/500 pL per section) and subsequently washed with
mixtures of phosphate buffered saline and ethanol as described elsewhere (16). To
assess specificity of binding, slices were incubated with radiotracer in the presence of 1
uM of authentic reference compound, AV680 or AV45 (the latter two compounds
were only used on the AD brain slices). After drying, slices were exposed to a
phosphor storage screen (super-resolution screen, Perkin Elmer, Waltham, MA,

U.S.A.). Screens were read in a Cyclone Plus system (Perkin Elmer) and analyzed
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using Optiquant software. Results are expressed as digital light units per square mm

(digital light units/mm?).

Phosphorylated PHF tau and p-amyloid plaques isolation from human AD brain
Enriched PHF tau and B-amyloid plaques fractions were prepared as previously
described (14), using post-mortem human AD brain tissue with high tau fibril and/or

high B-amyloid plaque load, respectively.

In vitro competitive radioligand binding assays

The competitive radioligand binding assays measure the binding of a fixed amount of
*H-AV680 (PHF tau binder) or *H-AV45 (B-amyloid plaques binder) in the presence of
a concentration range of test compounds following a described experimental assay

setup (14).

Immunohistochemistry

Adjacent AD, PSP or CBD slices were used for immunohistochemistry to correlate
with radiotracer binding. Sections were first dried, fixed in 4% formaldehyde, treated
for 5 min with hydrogen peroxide (5%, DAKO S2023, Glostrup, Denmark) and
permeabilized with phosphate buffer containing 0.3% Triton X-100, followed by a 1-h
incubation immunostaining with anti-tau (ATS, in-house made; 0.4 pug/mL) or anti-p-
amyloid antibodies (4GS, 2 pg/mL, Eurogentec SIG-39200, Fremont, CA, U.S.A.) in
the AD case. After extensive washing, slices were incubated during 30 minutes with
horseradish peroxidase conjugated anti-mouse secondary antibody (DAKO, K4000,
Envision, Glostrup, Denmark), followed by chromogenic 3,3-diaminobenzidine (DAB)

labeling (DAKO, K3468). Finally, sections were counterstained with hematoxylin,
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dehydrated and mounted with permanent mounting medium (Vectamount H-5000,

Vector Laboratories, Burlingame, CA, U.S.A.).

Radiometabolite studies

Perfused brain radiometabolites. Study was carried out in NMRI mice at 10 or
60 min p.i. (n = 3/time point) according to a previously described procedure (14).
HPLC analysis was performed on a C;s column (XBridge 3.5 um, 3.0 mm x 100 mm;
Waters) eluted with a mixture of 0.01 M Na;HPO4 pH 9.6 and CH3CN (77:23 v/v) at a

flow rate of 0.7 mL/min.

Plasma radiometabolites in mice. NMRI mice were anesthetized with
isoflurane (2.5% in O, at 1 L/min flow rate) and injected with '*F-JNJ311 (~3.7 MBq)
via a lateral tail vein. Mice were sacrificed by decapitation at 2, 10, 30 or 60 min p.i. (n
= 3/time point). Blood was collected in EDTA containing tubes (4-mL tubes; BD
vacutainer, BD, Franklin Lakes, NJ, U.S.A.), weighed, counted for radioactivity in the
y-counter and stored on ice. Blood was subsequently centrifuged at 2330 x g for 10
min to separate the plasma. Plasma (0.5 mL) was weighed, counted for radioactivity in
a y-counter and spiked with 20 ug of authentic JNJ311. Afterwards, proteins in the
plasma sample were precipitated by adding an equal volume of CH3;CN followed by
centrifugation for 5 min at 2330 x g. Next, supernatant (0.5 mL) was collected, diluted
with HO (0.7 mL) and filtered through a 0.22-um filter (Nylon Acrodisc, 13 mm
Syringe filter, Pall Life Sciences). The sample was counted for radioactivity in the y-
counter, before being analyzed by HPLC (Waters XBridge Cig column, 3.5 um, 3.0
mm x 100 mm; eluted with a mixture of 0.01 M Na,HPO, pH 9.6 and CH3CN (77:23

v/v) at a flow rate of 0.7 mL/min). Ultraviolet detection was done at 254 nm. The


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by KU Leuven University Library on February 23, 2017. For personal use only.

HPLC eluate was collected as 1-mL fractions and their radioactivity was counted in an

automated y-counter.

pPET imaging studies

Wistar rats. Dynamic 120-min pPET scans with all tracers were acquired on a
Focus 220 pPET scanner (Concorde Microsystems, Knoxville, TN, U.S.A.) on three
female Wistar rats simultaneously, which were scanned three times. The rats were kept
under gas anaesthesia during the whole procedure (2.5% isoflurane in O, at 1 L/min
flow rate). Scans were acquired in list mode and acquisition data were Fourier rebinned
in 27 time frames (4 x 15,4 x 60s,5x 180 s, 8 x 300 s, 6 x 600 s). Data, which were
3D maximum a posteriori (3D-MAP) reconstructed, were manually aligned with a rat
brain '"®F-FDG template in Paxinos coordinates using an affine transformation, to allow
predefined volumes of interest analysis (17). Time-activity curves (TACs) of the whole
brain were generated using volumes of interest analysis with PMOD software (v 3.2,
PMOD Technologies, Ziirich, Switzerland). Radioactivity concentration in the brain
was expressed as SUV (calculated as (radioactivity in Bq in brain/mL) / (total injected
dose (Bq)/body weight in g)) as a function of time after tracer injection. Scans were
started immediately after i.v. injection of about 50 MBq of radiotracer. For pre-
treatment and displacement studies, solutions of cold reference compounds JNJ311 or
AV1451 dissolved in a mixture of 5% DMSO, 5% Tween 80 and 40% (2-
hydroxypropyl)-B-cyclodextrin, filtered through a 0.22-pm membrane filter (Millex-
GV, Millipore), were used. Pre-treatment (n = 3) was done by subcutaneous (s.c.)
injection of 10 mg/kg of JNJ311 or AV1451, 60 min prior to radiotracer injection.
Displacement (n = 3) was performed by i.v. injection of 1 mg/kg JNJ311 or AV1451
30 min after radiotracer injection. WPET-images were compared to a baseline scan (n =

3), acquired in a non-treated rat. A vehicle control study with "F-AV1451 was
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performed to assess the possible influence of the vehicle during the pre-treatment and

displacement study.

Rhesus monkey. A dynamic 120-min pPET scan with '®F-JNJ311 or '®F-
AV1451 was performed with a Focus 220 uPET scanner on a male rhesus monkey (6
y-old Macaca mulatta, 7.6 kg), that was sedated with ketamine (Ketalar™) and xylazine
(Rompun®) via intramuscular injection. During scanning the monkey received
repeatedly an additional dose of ketamine/xylazine via i.v. injection. O; saturation in
blood, breathing frequency and heartbeat frequency were monitored during the entire
experiment. The head of the animal was placed central in the field of view of the uPET
scanner. Scans were acquired in list mode and Fourier rebinned in 27 time frames (4 x
15s,4x60s,5x180s, 8 x 300 s, 6 x 600 s). Data were reconstructed using a 3D-
MAP iterative reconstruction. TACs of the whole brain were generated using volumes
of interest analysis with PMOD software. Radioactivity concentration in the brain is
expressed as SUV as a function of time after tracer injection. Scans were started
immediately after i.v. injection of 185 MBq of '®F-JNJ311 or '®F-AV1451 via the vena
saphena of the right leg. Blood samples were collected at 10, 30 and 60 min p.i. via a
catheter in the vena saphena of the left leg and plasma was analysed for

radiometabolites according to the same procedure as for mice (see above).

RESULTS

Human PK predictions for JNJ311

A human PK prediction was made based on a PK study in mouse, rat and dog (0.25
mg/kg, i.v.). The results are summarized in Supplemental Table 1. Using the Dedrick
approach a biphasic clearance in human was predicted in which a fast clearance of 1.05

mL/min/kg was predicted for the initial phase, resulting in a short half-life of 0.7 h

10
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(18). With allometric scaling, a high but slightly slower monophasic clearance of 1.285
mL/min/kg was predicted for humans, corresponding to a half-life of 2.4 h. Both
models hence predicted JNJ311 to have a sufficiently fast clearance in humans
following i.v. dosing, based on pharmacokinetic data in mouse, rat and dog following

i.v. administration.

Radiolabeling

F_INJ311 (Fig. 1) was synthesized by a nucleophilic substitution reaction with '*F-
fluoride on its trimethylammonium precursor. Heating of the precursor solution with
'8F_fluoride in the presence of K-222/K,CO; afforded '*F-JNJ311 (n = 6) with an
average, decay-corrected, radiochemical yield of 46% (relative to total radioactivity of
fluorine-18 in the preparative chromatogram). Radiochemical yields were identical for
the mono- and tris-trifluoroacetate (TFA) salt of the precursor of 'SF-JNJ311. The
radiochemical purity was more than 98%. '®F-JNJ311 was obtained within a total
synthesis time of 60 min. The specific activity '"*F-JNJ311 was 81 + 72 GBq/umol at
the end of synthesis. '"*F-AV 1451 was collected within a total synthesis time of 60 min
with a specific activity of 45 £ 35 GBg/umol at the end of synthesis (n = 4) and a

radiochemical purity greater than 95%.

Mouse biodistribution studies

Supplemental Table 2 shows SUVs of *F-INJ311 and "®F-AV1451 in different organs
at 2, 10, 30 and 60 min p.i. High SUVs were recorded for the liver and kidneys, due to
the hepatobiliary and renal plasma clearance of both compounds. Radioactivity
concentration in blood decreased rapidly over time for 'SF-JNJ311 and "*F-AV1451
(SUVs of, respectively, 0.5 and 0.4 at 2 min p.i. and this cleared to 0.1 and 0.2 by 60

min p.i.). Rapid and moderate initial brain uptake was recorded, with a SUV of,

11
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respectively, 1.9 and 2.2 for '®F-JNJ311 and '®F-AV1451 at 2 min p.i. Brain wash-out
was comparable for "*F-JNJ311 and "®F-AV1451 with SUVs around 0.1 at 60 min p.i.
8F_INJ311 showed the highest 2-t0-60 min brain radioactivity ratio (2-to-60 min brain
ratio of 29.6), whereas '®F-AV1451 had a lower 2-to-60 min brain ratio (18.3, p <

0.05). Bone uptake was minimal and remained stable over time for both tracers.

In vitro autoradiography binding studies

Digital autoradiography with 'SF-JNJ311 on post-mortem human AD brain slices
showed binding to tau pathology-rich regions in the visual cortex (Fig. 2). No specific
binding to tau pathology was, however, seen in the frontal cortex on the post-mortem
human PSP and CBD brain slices (Supplemental Fig. 1). Inmunohistochemistry with
tau and B-amyloid antibodies, performed on adjacent slices, identified numerous PHF
and neuritic plaque deposits, confirming co-localization of tracer binding with PHFs in
AD (Supplemental Fig. 2), but not in the PSP or CBD brain slices (Supplemental Fig.
3). To assess the specificity of the tracer binding to PHFs, blocking studies with
authentic JNJ311, AV45 or AV680 were performed. Self-block studies with 1 uM of
cold JNJ311 resulted in 90% inhibition (n = 3) in the AD brain slices, but only 14%
and 10% inhibition (n = 3) in, respectively, the PSP and CBD brain slices. Binding of
BF-JNJ311 was reduced with 96% in the presence of 1 pM AV680 compared to
control (n = 3) in the AD brain slices. Blocking of 'F-JNJ311, on the other hand, with
1 uM of AV4S5 led to a blocking percentage of only 7% (n = 3) in the AD brain slices.
Blocking percentages were calculated as (digital light units/mm? in the presence of 1

pmol/L blocker) / (digital light units/mm? tracer only).

In vitro competitive radioligand binding assays

12
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Binding assays with *H-AV680 in the presence of the cold test compounds showed
high affinity of JNJ311 for enriched aggregated tau from human AD brain samples
with a K; value of 8 nM (Supplemental Table 3). In the competition assays with *H-
AVA45, only AV1451 and AV45 showed specific binding with a K; value of 278 nM
and 12 nM, respectively. INJ311 and AV680 on the other hand, had K; values higher

than 4398 nM.

Radiometabolites

Plasma radiometabolite analysis after i.v. administration of '*F-JNJ311 in NMRI mice
and a rhesus monkey revealed fast radiotracer metabolism. Thirty minutes after
injection 22% and 35% of the recovered radioactivity corresponded to intact tracer in
mice and the rhesus monkey, respectively (Supplemental Table 4). All detected
radiometabolites were more polar than the intact tracer at 60 min p.i. The recovery of
the HPLC column-injected radioactivity for "*F-JNJ311 was 95% for mice (n = 12) and
90% for the rhesus monkey (n = 3). In brain, the percentage of intact '®F-INJ311
remained close to 100% at both 10 and 60 min p.i. (Supplemental Table 4). The
recovery of the HPLC column-injected radioactivity for '*F-INJ311 in brain extract

was 90% (n = 6).

pPET imaging studies

Wistar rats. Results of the 120-min baseline, pre-treatment and displacement
study are shown in Figure 3. Time-activity curves (TACs) of the baseline scans of both
8F_JNJ311 and "F-AV1451 show moderate initial brain uptake, with a comparably
moderate SUV in brain of ~1.5 at 1 min p.i. "*F-JNJ311 had the fastest brain wash-out
rate (SUV of 0.2 £ 0.04 at 60 min p.i.) as shown in the %SUV ., curves (Supplemental

Fig. 4). Bone uptake was observed for both compounds at later time points, most likely

13
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due to defluorination (Fig. 3). No self-blocking or self-displacement effect was
observed for '®F-INJ311 (p > 0.05 at all time points), indicating absence of specific not
tau related binding in brain. Lower brain uptake of '®F-AV1451 during the baseline
scan, compared to the pre-treatment study was observed (p < 0.05 at 5 min p.i.). An
increase of brain activity was also observed after injection of a displacement dose at 30
min p.i. for ")F-AV1451 (p < 0.05 at 38 min p.i.). No such differences were, however,

recorded during a vehicle control study with '*F-AV 1451 (Supplemental Fig. 5).

Rhesus monkey. Results of the 120-min baseline scan of '®F-JNJ311 and '*F-
AV1451 are shown in Figure 4. TACs of the baseline scan of '®F-JNJ311 in the brain
show a fast, moderate initial brain uptake with a rapid wash-out (SUV of 1.9, time to
peak: 1 min) and low white matter binding was recorded. TACs of the baseline scan of
'8F-AV1451 in the brain show a slower initial brain uptake (SUV of ~1.3, time to peak
uptake: 15 min) and wash-out (Supplemental Fig. 6). TACs of the skull show that the

SUV signal did not increase as a function of time for both compounds.

DISCUSSION

The aim of this study was the development of a selective aggregated fluorine-18
labeled tau PET ligand, with fast clearance from the brain. The medicinal chemistry
optimization that resulted in the selection of JNJ311 as the best tau PET candidate
(based on in vitro and in vivo data) was published elsewhere (13). In the present study
we describe the preclinical evaluation of this tau PET ligand, in comparison with '*F-
AV1451. JNJ311 was selected based on its high affinity for aggregated tau (K; value of
8 nM) and high specificity for tau over B-amyloid (more than 500x selective). INJ311
was radiolabeled with fluorine-18 and the resulting radiotracer was evaluated in mice,

rats and in a rhesus monkey. Semi-quantitative autoradiography experiments were used
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to evaluate binding characteristics in human AD, PSP and CBD pathology. Such
autoradiography studies are needed in order to determine the affinity for tau pathology
in its ‘natural AD, PSP or CBD environment’. 3R tauopathies, such as Pick’s disease,
were not tested in this stage of tracer development, due to the low prevalence of tau
inclusions in frontotemporal dementia (19). Results revealed high and selective
binding to tau pathology in post-mortem slices of the visual cortex for '*F-JNJ311 in
an AD patient in the latest Braak stage. No specific binding, on the other hand, could
be demonstrated in the case of PSP or CBD pathology. To assess the specificity of the
tracer binding to the tau pathology, self-blocking studies with the authentic reference
compound JNJ311 and, in the AD case, also blocking studies with the structurally
unrelated tau ligand AV680 and the specific B-amyloid ligand AV45 were performed.
AV680 was used as the benchmark compound in this experiment, due to its higher
selectivity for aggregated tau over B-amyloid and lower off-target binding than
AV1451 (20). AV45 was used in the blocking studies to assess the specificity of
JNJ311 for tau over B-amyloid. Self-block resulted in 90% inhibition in the cortical
layers, which demonstrates that the binding of "*F-JNJ311 was specific. No specific
binding could, however, be demonstrated in the frontal cortex of, respectively, PSP and
CBD. Binding of "*F-INJ311 was also reduced with more than 79% in the presence of
1 uM AV680 on the AD brain slices, indicating tau-specific binding. Finally, blocking
with AV45 resulted in only 7% displacement of '®F-JNJ311, confirming that JNJ311
binds more selectively to tau pathology in the AD brain slices. Furthermore,
immunohistochemistry performed on adjacent slices identified numerous
hyperphosphorylated tau and neuritic plaque deposits in the cortical layers, with a
pattern that, in the case of AD, visually correlated with the autoradiographic images,
confirming co-localization of tracer binding with hyperphosphorylated tau in AD, but

not in PSP and CBD. The lack of binding of "*F-INJ311 in the latter two tauopathies
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can most likely be explained by the ultrastructural differences, but also the different tau
fractions that exist between these tauopathies and AD (12), which may significantly
change JNJ311s binding site. Only one brain sample was, however, tested in the case
of PSP and CBD. Another limitation of the PSP autoradiography study is the lower
prevalence of tau inclusions in the frontal cortex, compared to the subthalamic nucleus,
basal ganglia or brainstem (12). A favourable pharmacokinetic profile is an important
factor in the development of a PET tracer, but with a logD74 value of 2.2 and a PSA
value of 51 A2 'F-JNJ311 has appropriate properties to efficiently pass the blood-
brain barrier (21). This assumption was confirmed in the biodistribution studies in
mice, since '®F-JNJ311 displayed a moderate initial blood-brain barrier passage (SUVs
of 1.9 at 2 min p.i.). "®F-JNJ311 also revealed a rapid brain wash-out (SUV of 0.1 at 60
min p.i.). "®F-JNJ311 displayed hereby a similar brain uptake and wash-out as '*F-
AV1451 (SUVs of 2.2 at 2 min p.i. and 1.0 at 10 min p.i); this was demonstrated by
the 2-t0-60 min brain activity ratio, which was 30 for '®F-JNJ311, higher than for '*F-
AV1451 (value of 18; p < 0.05), indicating a faster brain wash-out for '*F-JNJ311 in
mice. No pronounced bone uptake at 60 min p.i. was also revealed in NMRI mice.

Further in vivo evaluation "F-JNJ311 was done by performing small-animal pPET
studies in Wistar rats. TACs of the uPET scans with '®F-AV 1451 show a similar brain
uptake as those with '®F-JNJ311 in rats. No noticeable influence on the brain TACs
was observed for self-blocking and self-displacement of "*F-JNJ311 (p > 0.05 for all
time points for) in rats, which indicates that there was no non-tau related specific
binding in brain, in line with extensive CEREP and DiscoverX profiling (results in the
preclinical in vitro characterisation study, which will be published elsewhere). On the
other hand, lower brain uptake of '®F-AV1451 was recorded during the baseline scan,
compared to the pre-treatment study (p < 0.05 at 5 min p.i.). This effect may be

explained by saturation of metabolic enzymes and/or plasma proteins leading to a
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higher free fraction of '®F-AV1451 available for brain uptake. A similar effect was
seen in the displacement study with '®F-AV1451 (p < 0.05 at 38 min p.i.). This
possible interaction between the cold authentic reference compound AV1451 and '®F-
AV1451 may have consequences, since polypharmacy is common among AD patients
(22), and this may potentially lead to decreased plasma clearance of '*F-AV1451. The
influence of drugs on the metabolism of "F-AV1451 could therefore possibly
complicate its PET quantification and theoretically lead to false conclusions.

Fast clearance from brain, as seen in the latter biodistribution and pPET studies with
8F-JNJ311, could be explained by the rapid metabolism (and thus rapid plasma
clearance) observed for '®F-INJ311 in plasma of NMRI mice and the rhesus monkey
(33% of intact tracer left 10 min p.i. for mice and 35% of intact tracer left 30 min p.i.
for the monkey), with detection of one unidentified polar radiometabolite. This rapid
plasma clearance was also seen in the human PK predictions for JNJ311 (Supplemental
Table 1). The rate of metabolism was, however, considerably faster in mice than in the
rhesus monkey (Supplemental Table 4). The detected radiometabolite was not able to
pass the blood-brain barrier in mice, as the fraction of intact tracer remained high in
brain homogenates over time (94% of intact tracer left at 60 min p.i.). Similar findings
were published for '®F-AV 1451 (14), with detection of one polar metabolite in plasma
that also did not pass the blood-brain barrier in mice, although the rate of metabolism
was not as pronounced as for ""F-JNJ311 (84% of intact *F-AV1451 left at 10 min
p.i.).

The TACs of both '®F-JNJ311 and "®F-AV1451 of the monkey pPET study reveal a
homogenous distribution of both compounds in all brain regions, with no increased
uptake in the corpus callosum. TACs of the skull, of "*F-INJ311 and "*F-AV1451,
showed that the focally increased uptake around the skull cannot be attributed to bone

uptake, related to '*F-fluoride, as the signal declines over time (Fig. 4). These areas of
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increased focal tracer uptake around the skull with the pPET scan of "*F-JNJ311 are
probably related to fixation of an acrylic headpost to the skull of the monkey, used to
position the head during MRI scanning. This headpost can cause inflammation and/or
scar formation of the skin around the headpost. Excessive binding of '*F-fluoride in the
skull could complicate quantification of '®F-JNJ311 in brain, due to partial volume
effects, e.g. surrounding petrous bone spilling into the medial temporal cortex, but this
bone uptake effect was thus only seen in rats and not in mice and the rhesus monkey.
Since '®F-AV1451 also showed significant bone uptake in rats, but not in mice and
monkeys, both tracers seem susceptible to interspecies differences with regard to
defluorination, as it is the case for many PET tracers (23,24).

The superior brain pharmacokinetic profile of '®F-JNJ311 led to the selection of this
tracer as the optimal candidate for further tau PET exploration. Although "*F-JNJ311
also seems to show a superior pharmacokinetic profile in rats and monkey compared to
'8F-AV1451, clinical PET scans with "*F-JNJ311 in AD patients are necessary to make
a relevant comparison. Human pharmacokinetic predictions for JNJ311 were made
based on a PK study in mouse, rat and dog (0.25 mg/kg, JNJ311) and indicate a fast

clearance in man (Supplemental Table 1).

CONCLUSION
Based upon its in vitro and in vivo preclinical profiling, '*F-JNJ64349311 is a
promising candidate for quantitative tau PET imaging in AD with a favourable

pharmacokinetic profile in comparison with the current benchmark ligands.
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FIGURE 1. Chemical structures of 'F-JNJ311, ®F-AV 1451 and "*F-AV680.
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FIGURE 2. Adjacent, 10-pm-thick, post-mortem human AD brain slices of the visual
cortex of an AD patient (68-year-old with Braak stage VI) incubated with '"*F-JNJ311
(740 kBq / 500 pL / slice) (A) in the presence of authentic reference compound JNJ311
(B), AV680 (C) or AV45 (D) at 1 pmol/L.
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FIGURE 3. Whole brain pPET time-activity curves for "*F-JNJ311 (A) and '*F-
AV1451 (C) of three female Wistar rats. Baseline scan (n = 3 per tracer); pre-treatment
experiment (N = 3 per tracer): cold INJ311 (A and B) or AV1451 (C and D), 10 mg/kg
injected subcutaneously 60 min prior to radiotracer injection and displacement study (n
= 3 per tracer): cold JNJ311 (A and B) or AV1451 (C and D), 1 mg/kg injected
intravenously 30 min after radiotracer injection. Error bars correspond to standard
deviation. Representative transversal images of the baseline experiment with '*F-
JNJ311 (B) and "®F-AV1451 (D): averaged image 1-11 min after baseline tracer
injection (left) and 90-120 min after tracer injection (right).
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FIGURE 4. uPET time-activity curves for '*F-JNJ311 (A) and '®F-AV1451 (C) in the
whole brain, corpus callosum, cerebellum, enthorinal cortex and skull of a male rhesus
monkey. Transversal, sagittal and coronal images of the baseline experiment with '*F-
JNJ311 (B) and '®F-AV1451 (D): averaged image 1-10 min after tracer injection (top)
and 60-120 min after tracer injection (bottom).
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Supplemental Table 1. Human PK predictions for JNJ311.

Mouse' Rat' Dog' Human
Unbound
plasma 36.8 36.9 36.9 37.1
fraction (%)
Dose
JNJ311* 0.25 0.25 0.25 (p?e'g‘r;
(mg/kg) '
Plasma ¥
clearance 193 + 63 11106 * IG7 + 112'35?5
(mL/min/kg) '
Liver blood
flow (%) > 100 > 100 > 100 -
Volume of
distribution at 4.0+ 45+ 4.0+ 2.98%
steady state 0.7 0.9 1.0 3.96°
(L/kg)
Elimination 0.3+< 04+ 0.7+ 0.75 248
half-life (h) 0.1 0.1 0.1 ST
*Formulations with 20% HPBCD aq, "values represent mean +
standard deviation from 3 animals, *predicted value using Dedrick
approach, ®predicted value using allometric scaling



http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by KU Leuven University Library on February 23, 2017. For personal use only.

Supplemental Table 2. Biodistribution of **F-JNJ311 and **F-AV1451 in NMRI mice
at 2, 10, 30 and 60 min p.i.*

) BEINJ311 BEAV1451
Body part 2 min 10 min 30 min 60 min 2 min 10 min 30 min 60 min
Blood 0501  03:01 02400  01%00 04%01 0300  02:00 02%00
Bone 05402  07+01  06+01  05+01  06+04  05+01  07+01 09402
Brain 19401  08+02  03+00  01+00  22#03 10402 02401 0100
Cerebellum 19402  07+01  02+01  01+00  24+05 09402 02401 0100
Cerebrum 19+01  08+01  03+01  01+00  21#03 10402  03+01 0100
Heart 23408  11+06  04+01 01401  20+04  08+01  04+01 0300
Kidneys 106+29 81425 29406  09+01  104+24  97+10  49+15 38%07
Liver 26406  46+07  34+04  16+03  36+06  56+05 6506 53+06
Lungs 83+46  26+13 1003  02+01  7.0%25 16406 12403 06+0.2
Muscle 14+01 06400 02401 01400  09+05  05+01  02#00 01+00
Pancreas 14+04 18404  08+01 0200  12+06  18+03 07403 04+01
Spleen 49+07  23+10  08+02 02400  45+16  52+48  12+04 09+04
2/60 min 2/60 min
Brain 29.6 18.3
Blood 7.5 2.4

*Data are expressed as SUV mean + standard deviation; n = 3 per time point; ratios were calculated using
non rounded values
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Supplemental Figure 1. Adjacent, 10-um-thick, post-mortem human PSP (A and B)
and CBD (C and D) brain slices of the frontal cortex of a PSP patient (71-year-old) and
CBD patient (74-year-old) incubated with **F-JNJ311 (740 kBq / 500 pL / slice) (A
and C) in the presence of authentic reference compound JNJ311 (B and D) at 1
pmol/L.
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Supplemental Figure 2. Autoradiographic analysis on 10-um-thick slices of the visual
cortex of an AD patient (68-year-old with Braak stage V1) with **F-JNJ311 (B).
Adjacent slices were immunostained for tau (A, AT8, 1000-um scale bar) and for -
amyloid (C, 4G8, 1000-pum scale bar). Higher magnification at the bottom identifies
tau pathology (50-um scale bar) and B-amyloid plaques (50-pum scale bar). Triangle
indicates area of high density of PHF deposits and relatively low density of p-amyloid
deposits.
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Supplemental Figure 3. Autoradiographic analysis on 10-um-thick slices of the frontal
cortex of a PSP patient (71-year-old; A and B) and CBD patient (74-year-old; C and
D) with *®F-JNJ311 (A and C). Adjacent slices were immunostained for tau (B and D,
AT8, 5-mm scale bar). Higher magnification at the bottom identifies tau pathology
(250-um scale bar). Triangle indicates area of medium density of hyperphosphorylated
tau deposits.
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Supplemental Table 3. plCso/Ki (nM) values for purified tau and p-amyloid and
molecular features of all compounds.*

Compound pICso — tau Ki—tau  plCso - AP Ki- AP PSA (A?*  LogD7.4'

JNJ311 7.7 8 <5 > 4398 51 2.2
AV1451 8.4 1 6.2 278 42 2.2
AV680 7.7 7 5.0 4934 33 3.0
AV45 5.2 > 2323 7.6 12 53 3.1
*pICso values were determined from displacement curves of 2-5 independent experiments, K;
values were calculated from ICs, values using the following equation: K; = ICs/(1+

(concentration RL/ Kp RL), with a Kp for PHF of 6.275 nM for *H-AV680, a K for p-amyloid
of 7.85 nM for ®H-AV45, and 10 nM of RL concentration in both assays; 'LogD74 value was
chromatographically determined for JNJ311, but calculated for the other compounds; *PSA =
polar surface area
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Supplemental Table 4. Relative percentages of intact tracer after i.v. injection of ‘8F-
JNJ311

in plasma of mice and a rhesus monkey and perfused brain of mice.

MICE
Mean % =+ standard deviation (n = 3) of
Plasma .
intact tracer
2 min 10 min 30 min 60 min
85+3 336 22+5 11+7
Perfused brain Mean % * stapdard deviation (n = 3) of
intact tracer
10 min 60 min
98+0 94+1
MONKEY
Plasma % (n = 1) of intact tracer
10 min 30 min 60 min
51 35 28
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Supplemental Figure 4. %SUV max curves of small animal uPET time-activity curves of
18F_JNJ311 and *8F-AV1451 in the whole brain of a Wistar rat.
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Supplemental Figure 5. Whole brain pPET time-activity curves for ®F-AV1451 of
three female Wistar rats. Baseline scan (n = 1); pre-treatment experiment (n = 1): pure
vehicle, 10 mg/kg injected subcutaneously 60 min prior to radiotracer injection and
displacement study (n = 1): pure vehicle, 1 mg/kg injected intravenously 30 min after
radiotracer injection.
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Supplemental Figure 6. Average whole brain %SUV max curves of *F-JNJ311 and *8F-
AV1451 in a male rhesus monkey.
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